ABSTRACT This study evaluated the effect of intraamniotic synbiotic inclusion and continued synbiotic supplementation in the diet on the performance, intestinal epithelium integrity, and cecal microflora of broiler chickens. In Experiment 1, 510 eggs containing viable embryos were divided into 3 groups of 170 eggs each. The first group was not injected and served as a negative control (NC). The next group was injected with 0.9% NaCl and was the positive control (PC). The synbiotic-injected group (S) was injected with a 0.5% inulin and 1 × 10 6 Enterococcus faecium solution. The non-injected and synbiotic injected groups were further divided into 2 sets for Experiment 2 and the birds were offered either a basal or synbiotic supplemented diet (1% inulin and 2 × 10 9 E. faecium cfu/kg feed). One hundred ninety-six broiler hatchlings were randomly allocated in a 2 × 2 factorial arrangement that included an intra-amniotic treatment (non-injected or synbiotic injected) and a dietary treatment (basal or synbiotic supplemented diet). The results showed that the administration of an intra-amniotic synbiotic to embryonated eggs on d 17 of incubation did not affect the hatchability or hatching weight of the birds. However, intra-amniotic synbiotic inclusion had a positive effect on FCR at d 0 to 42 (P = 0.041) and d 22 to 42 (P = 0.036). There was no significant interaction effect on the growth performance of the birds between the intra-amniotic and dietary synbiotic treatment during different or entire experimental periods. Villus height and goblet and proliferating cell nuclear antigen (PCNA) positive cell counts were positively influenced by intra-amniotic and dietary synbiotic treatments. Our results also indicated that intra-amniotic synbiotic injection followed by dietary supplementation with a synbiotic significantly increased Lactobacillus colonization and decreased coliform population in the broiler cecum. Cecal butyric acid concentration increased proportionally to the cecal Lactobacillus count with dietary synbiotic supplementation on d 42. In summary, combined intra-amniotic and dietary synbiotic treatments improved broiler intestinal integrity and increased cecal beneficial bacteria populations.
INTRODUCTION
In modern broiler production, newly hatched birds initially contact bacteria in the hatchery and house environment, rather than that of the hen or nest material. This arrangement leads to insufficient bacterial colonization of the gastrointestinal tract of the C 2016 Poultry Science Association Inc. Received December 20, 2015. Accepted June 1, 2016. 1 A portion of this manuscript was presented as part of a symposium at the 3 rd International Poultry Meat Congress 22-26 April 2015. 2 Corresponding author: psacakli@ankara.edu.tr chicks, making the birds more susceptible to intestinal disorders (de Oliveira et al., 2014; Gong et al., 2008) . Therefore, ensuring that the intestines of the hatchlings are quickly colonized by beneficial bacteria helps establish a favorable gut microflora balance that competitively excludes pathogens from the intestinal tract and promotes disease resistance (Bohorquez, 2007) . Early intestinal colonization with beneficial bacteria not only prevents pathogenic bacteria-related intestinal disorders, but also improves intestinal maturation and integrity (Lan et al., 2013) . Nutrient digestion and absorption, and therefore chick growth, are directly related to the functional capabilities of the intestine. Therefore, any improvement in early intestinal maturation and digestive capacity has a positive influence on chick growth and performance (Tako et al., 2004; Cheled-Shoval et al., 2011) . Advances in intraamniotic administration techniques have made it possible to incorporate several nutrients and active compounds in late-term embryos, and these substances are subsequently swallowed, digested, and absorbed before hatching (Uni et al., 2005; Zhai et al., 2011; de Oliveira et al., 2014) . Previous studies have shown that many nutrients, such as carbohydrates (Tako et al., 2004; Smirnov et al., 2006; Zhai et al., 2011) , vitamins, and minerals (Yair and Uni, 2011) , can be added to the amnion during the last quarter of the incubation period. More recent studies have demonstrated that probiotics, prebiotics, and synbiotics can be administered to chick eggs that contain viable embryos without any detrimental effect (Maiorano et al., 2012; de Oliveira et al., 2014; Madej et al., 2015; Pruszynska-Oszmalek et al., 2015) .
Enterococcus faecium, a lactic acid bacterium and normal inhabitant of the gut, is a probiotic that may be useful in animal health (Cao et al., 2013) . Dietary supplementation with E. faecium alone (Samli et al., 2007) or in combination with several prebiotics (Awad et al., 2008) has marked effects on broiler performance and intestinal histomorphology. Furthermore, intra-amniotic E. faecium inoculation of embryonated eggs and the presence and viability of these bacteria in the cecum of chicks was demonstrated by de Oliveira et al. (2014) . In addition, de Oliveira et al. (2014) revealed that Salmonella Enteritidis decreased with intra-amniotic inoculation of E. faecium and subsequent supplementation of these bacteria in the diet.
Inulin is a mixture of linear polymers and oligomers of fructose linked by a β (2-1) glycosidic linkage , a configuration that prevents inulin from being hydrolyzed by digestive enzymes and allows it to selectively stimulate the growth and activity of one or more bacteria in the intestine (Roberfroid et al., 1998) . Previous studies have revealed that dietary prebiotics may increase beneficial intestinal bacteria populations (Kim et al., 2011) , alter cecal microbial activity (Rehman et al., 2008) , improve gut integrity (Baurhoo et al., 2009) , and promote the digestibility of proteins and fats in a maize-soybean meal based diet of broiler chickens (Rodriguez-Suarez et al., 2010) . In addition, the in ovo inclusion of inulin (Tako and Glahn, 2012) and mannan oligosaccharide (Cheled-Shoval et al., 2011 ) has a beneficial effect on gastrointestinal functionality and development.
Synbiotics are defined as a combination of pro-and prebiotics that support the host by improving the survival and implantation of newly added bacterial strains in the intestine by activating the metabolism of healthpromoting bacteria and/or selectively stimulating their growth (Gibson and Roberfroid, 1995) . Synbiotics promote the growth of the probiotic organism by providing it with the substances needed to complete fermentation (Farnworth, 2001 ). Tako et al. (2004) concluded that the combined use of E. faecium and inulin has a potentially synbiotic effect by improving the survival of probiotic strains throughout the upper intestinal tract. Previous studies have reported the superior benefits of synbiotics, as compared to probiotics alone, on broiler growth performance, intestinal microflora population, cecal volatile fatty acid concentration, and intestinal histomorphological parameters (Awad et al., 2009; Mookiah et al., 2014) .
The importance of establishing beneficial microflora in the chicken intestine early in production and its positive effects on intestinal health has long been known. Based on findings that also suggest the benefits of intra-amniotic pro-and/or prebiotic administrations, the current study hypothesized that intra-amniotic synbiotic inclusion and subsequent synbiotic supplementation in the diet may be an effective method to maintain intestinal epithelium integrity and cecal microflora of broiler chickens.
MATERIALS AND METHODS

Animal Care and Use
All experimental procedures were approved by The Animal Ethics Committee of Ankara University (2013-5-38) .
Experiment 1
Incubation Procedures and In-Ovo Administration. Nine hundred eggs (Ross 308) were obtained from a 33-week-old maternal flock in a commercial hatchery (Beypiliç A.Ş., Bolu, Turkey). On arrival, all eggs were individually weighed, and 573 eggs with an average weight of 59.48 ± 2.54 g (mean ± SD) were selected and placed in the incubator under standard conditions. On d 17 of incubation (E17), the eggs were candled, and those that were unfertilized or had dead embryos were discarded; subsequently, 510 eggs containing viable embryos were divided into 3 groups of 170 eggs each. These eggs were marked to indicate the location of the amnion during the candling process on the day of injection (E17). The site of injection was disinfected with ethyl alcohol and then a sterile 21-gauge needle was used to punch a hole in the shell on the side of air-cell chamber. The first group was not injected and served as a negative control (NC). The second group was the positive control (PC) and was injected with 0.9% NaCl. The last group was injected with the synbiotic solution (S), which consisted of 0.5% inulin (wt/vol) (Orafti IPS, Beneo, Oreye, Belgium) and 1 × 10 6 E. faecium NCIMB 10415 (Cylactin ME20, DSM Nutritional Products, Basel, Switzerland). Intra-amniotic administration was performed by injecting the eggs with 0.6 mL of the test solution using selfrefilling syringes (Socorex, Ecublens, Switzerland), in accordance with the method described by Tako et al. (2004) . The amount of time that the eggs were out of the incubator during the in ovo injection procedure was similar for all replicates. After injection, the injection holes were sealed with cellophane tape, and eggs were placed in hatching trays such that each treatment was equally represented in each location of the incubator (Tako et al., 2004) . Hatch Sampling. At hatch, the number of livehatched and unhatched chicks was counted to determine the hatchability of fertile eggs (%). Unhatched eggs were opened to determine the cause of death. All hatched chicks were weighed, and 12 chicks from each treatment were randomly selected to determine the internal organ and yolk weights. Tissue samples for histomorphological and immunohistochemical analysis were taken from the duodenum, jejunum, and ileum (sampling and analysis procedures are detailed in the section describing Experiment 2).
Experiment 2
Birds and Management. Hatchlings of the noninjected (NC) and synbiotic injected (S) groups were selected for Experiment 2. The NC and S groups were further divided into 2 sets, and the birds were offered a basal or synbiotic supplemented diet. One hundred ninety-six broiler hatchlings were randomly allocated in a 2 × 2 factorial arrangement that included intra-amniotic treatment (non-injected or synbiotic injected) and dietary treatment (basal or synbiotic supplemented diet). The experiment was conducted with 7 replicate pens (90 × 80 cm; litter material consisted of 5 cm of wood shavings) containing 7 birds each. The birds were housed in a controlled environmental enclosure for 42 days. The ambient temperature was thermostatically controlled and gradually decreased from 32 to 35
• C on the first day, and then to 22
• C when the broilers were 3 wk old. The temperature was then maintained at 22
• C thereafter. The relative humidity of the house during the experiment was 50 ± 5%. The house was artificially ventilated and continuous light regimens were provided. Chicks were vaccinated at hatch against Newcastle disease virus (La Sota strain) and the infectious bronchitis virus.
The starter, grower, and finisher diets were based on maize-soybean meal and were offered to the birds from 0 to 14, 15 to 35, and 36 to 42 d of age, respectively (Table 1 ). All diets were formulated to meet or exceed NRC (1994) nutrient recommendations. Each pen was equipped with a manual plastic feeder and an automatic nipple drinker. Water and the experimental diet (in mash form) were provided ad libitum throughout the experimental period. All chicks were individually weighed, and feed intake (FI) was recorded at weekly intervals. Body weight gain (BWG), FI, and feed conversion ratio (FCR) were subsequently calculated based on the performance values.
Sampling Procedures. At d 7, 21, and 42, one male bird from each replicate was selected according to the average BW of each treatment group. Birds were slaughtered by exsanguination and the intestinal tract was removed immediately. Tissue samples for histomorphological and immunohistochemical analysis were taken from the jejunum and ileum. To ensure the uniformity of samples, approximately 1 cm length of the mucosal segments of the jejunum and ileum were excised at the following locations: 8 cm proximal to Meckel's diverticulum (jejunum), and 8 cm proximal to the ileocecal junction (ileum). The tissue samples were flushed with saline solution to remove adherent intestinal contents and then fixed in 10% neutral buffered formalin solution for 24 h (Saçakli et al., 2015) . In addition, cecal content from each selected bird was collected in sterile tubes for bacterial enumeration of fresh samples. Approximately 2 g of cecal digesta was collected and immediately frozen for short-chain fatty acid (SCFA) and branched-chain fatty acids (BCFA) analysis on d 42. Samples were stored at -20
• C for further analysis. Histomorphologic Measurements. Tissue samples in the formalin solution were dehydrated in graded ethanol solutions, cleared with xylol, and then embedded in paraffin. The intestinal segments were sectioned at a thickness of 5 µm with microtome. Cross sections were prepared and stained with combined Alcian BluePeriodic Acid-Schiff (AB-PAS) reagents in order to determine the jejunal and ileal morphometry and goblet cell count. Villus height was measured from the top of the villus to the crypt mouth, and crypt depth was defined as the depth of the invagination between adjacent crypt mouths. Goblet cells were identified as follows ( Figure 1 ): acid mucin was stained by AB (blue), neutral mucin was stained by PAS (pink), and the intermediate mucin that contains acidic and neutral mucins were both stained by AB-PAS (purple) (Geier et al., 2011) . All positive cells along the villus were counted regardless of the mucin type (Calik and Ergun, 2015) .
A total of 10 well-oriented villi and crypts were selected randomly for histological measurements. Histological sections were examined under a light microscope (Leica DM2500, Leica Microsystems GmbH, Wetzlar, Germany) and photographed with a digital microscope camera (Leica DFC450, Leica Microsystems GmbH, Wetzlar, Germany). The images were evaluated using ImageJ software (Image J, U.S. National Institutes of Health, Bethesda, MD).
Proliferating Cell Nuclear Antigen (PCNA) Staining. Immunohistochemical staining was performed on the stored 5-µm thick formalin-fixed paraffin-embedded tissue sections. Tissue sections were placed on poly-L-lysine microscope slides (Thermo Scientific, Braunschweig, Germany). The microscope slides were then placed in an oven at 37
• C overnight and deparaffinized with xylene and rehydrated through graded alcohols. Endogenous peroxidase activity was blocked by quenched with H 2 O 2 (3% in methanol) for 30 min. The sections were pre-treated by heating for 20 min in 0.01 M citric acid buffer (pH 6) in a microwave oven at 800 W. After cooling for 20 min at room temperature, tissue sections were washed with PBS and incubated with 10% normal goat serum for 30 min for protein blocking to prevent the non-specific binding of antibodies, followed by incubation with the primary antibody to PCNA (MAB424, mouse anti PCNA monoclonal antibody, PC10 clone; EMD Millipore, Darmstadt, Germany) at dilutions of 1:100 overnight at 4
• C. After incubation with the primary antibodies, the tissue sections were washed with PBS and incubated with a biotinylated secondary antibody (goat anti-rabbit IgG, Invitrogen) for 30 min at room temperature. Negative control experiments were performed by replacing the primary antibodies with PBS. After a PBS wash, tissue sections were incubated using a streptavidin horseradish peroxidase kit (HistostainPlus IHC Kit, HRP, broad spectrum, Invitrogen, Carlsbad, CA) for 30 min at room temperature. Final PBS was followed by incubation for color development 3,3-diaminobenzidine tetrahydrochloride (DAB, Invitrogen) for 3 min at room temperature. Tissue sections were counterstained with Gill's hematoxylin, dehydrated in graded alcohols, applied to a coverslip using Entellan (Merck, Darmstadt, Germany), and examined with a Leica DM2500 light microscope. All images were captured with a digital camera (Leica DFC450) and processed with Image J (Figure 2 ). Proliferating cell nuclear antigen positive nuclei of total crypt epithelial cells on ten different randomly selected intact crypts, regardless of the staining intensity, were counted as described by Bologna-Molina et al. (2011) .
Determination of Bacterial Population in the Cecum. One gram of fresh cecal digesta was transferred to 9 mL of sterile physiological saline solution and homogenized. Inoculants were serially diluted up to 10 −8 . Subsequently, dilutions of 10 −6 , 10 −7 , and 10
were inoculated (100 µL of each dilution) to appropriate selective agar media to determine coliform and Lactobacillus counts. MacConkey agar (Merck Millipore) and MRS agar (Merck Millipore) were used to enumerate coliform and Lactobacillus, respectively. All dilutions were inoculated to selective agars in triplicate. Bacterial colonies were counted and averaged. Data were expressed as log 10 colony-forming units (cfu) per gram of cecal digesta. Short Chain Fatty Acid and BCFA Analysis. Frozen cecal contents were thawed at 4
• C and diluted with 4-fold double-distilled water in sterile screw cap tubes. Cecal contents were homogenized and centrifuged at 4,000 × g for 15 min at 4
• C. One mL of supernatant was then transferred to an Eppendorf tube and mixed with 0.2 mL of ice-cold 25% metaphosphoric acid solution. Subsequently, tubes were placed in an ice bath for 30 min and samples were centrifuged at 11,000 × g for 10 min at 4
• C. Supernatants were analyzed using gas chromatography (Shimadzu GC-2010, Shimadzu Co., Kyoto, Japan) coupled with a 30 m × 0.53 mm i.d. column (Teknokroma TRB-FFAP, Barcelona, Spain) and a flame ionization detector (FID) to determine SCFA Table 2 . Effects of intra-amniotic synbiotic administration on hatchability (%), hatching weight, and internal organ and yolk weights on day of hatch. and BCFA concentrations of cecal digesta (Zhang et al., 2003; Rebole et al., 2010) . The column temperature was programmed to increase gradually from 120 • C to 160
• C during the analysis. In addition, injector port and FID temperatures were fixed at 230
• C and 250
• C, respectively. Injection volume was set to 1 µL, and analyses were performed in duplicate (Calik and Ergun, 2015) .
Statistical Analysis. In Experiment 1, a randomized complete block design was employed during incubation with each of the tray levels of the setter and each of the hatching basket levels in the hatcher, and with all treatments being equally represented in each block. Treatments were viewed as a fixed effect, and blocks as a random effect in the one-way ANOVA. An arcsine square root transformation was used for hatchability data to obtain normally distributed data. In Experiment 2, chicks from the NC and S groups were randomly assigned to 4 experimental groups with 7 replicate floor pens (90 × 80 cm), each containing 7 birds. Data were subjected to a 2-way ANOVA using the GLM procedure of SPSS 14.01 (SPSS Inc., Chicago, IL, USA). The models included the intra-amniotic administration (NC and S) and the posthatch dietary supplementation (basal and synbiotic) as the main factors, and the 2-way interaction. Post hoc testing was only carried out for significant interactions and was performed using simple effect analysis. Mortality rates were compared using a chi-square test. A probability value of less than 0.05 was considered significant, unless otherwise noted.
RESULTS
Experiment 1
Hatchling Performance and Organ Weights. The effects of intra-amniotic synbiotic administration on hatchability (%), hatching weight, and internal organ and yolk weights are shown in Table 2 . The administration of intra-amniotic synbiotic to the embryonated eggs on E17 did not affect hatchability. In addition, there were no significant differences in internal organ and yolk weights of the hatchlings.
Histomorphological and Immunohistochemical Analyses. Histomorphological and immunohistochemical measurements of the duodenum, jejunum, and ileum are shown in Table 3 . Villus heights and crypt depths of the duodenum, jejunum, and ileum were increased (P ≤ 0.001) in the intra-amniotic synbiotic administrated group as compared to those of the NC and PC groups. No significant differences were observed in duodenum goblet cell numbers on the day of hatch. However, a significant increase in jejunal (P = 0.018) and ileal (P = 0.015) goblet cell numbers was observed when the eggs received a synbiotic injection. Proliferating cell nuclear antigen-positive cells were higher (P ≤ 0.001) in the duodenum, jejunum, and ileum crypt regions of the intra-amniotic synbiotic administrated group versus those in the NC and PC groups.
Experiment 2
Posthatch Performance. Birds were in good health throughout the entire experimental period. The effects of intra-amniotic synbiotic administration and subsequent posthatch dietary synbiotic supplementation on the growth performance of chicks are shown in Table 4 . Intra-amniotic synbiotic inclusion had a positive effect on FCR at d 0 to 42 (P = 0.041) and d 22 to 42 (P = 0.036). There was no significant interaction effect on the growth performance of the birds in terms of BWG, FCR, and FI, between intra-amniotic and dietary synbiotic treatments during different experimental periods, or the entire course of the experiment.
Morphological Measurements of the Jejunum and Ileum. Posthatch morphological measurements of the jejunum and ileum are shown in Table 5 . Intra-amniotic synbiotic administration significantly increased ileum villus height (P = 0.001) and villus height (VH):crypt depth (CD) ratio (P = 0.001) on d 7. In addition, the VH:CD ratios of the jejunum (P = 0.022) and ileum (P ≤ 0.001) were increased by dietary synbiotic supplementation on d 7. At d 21, intra-amniotic synbiotic administration increased jejunum and ileum villus height (P = 0.024 and 0.030, respectively) and crypt depth (P < 0.001 and P = 0.001, respectively). However, they were not influenced by dietary synbiotic supplementation. Both intra-amniotic synbiotic administration and posthatch dietary synbiotic supplementation significantly influenced villus height and crypt depth of the jejunum and ileum on d 42. In addition, intra-amniotic applications increased the VH:CD of the jejunum (P = 0.020) and ileum (P < 0.001) on d 42. No significant interaction effect on villus height and VH:CD was observed between intraamniotic and dietary synbiotic treatment during the experimental period.
Goblet Cells. Posthatch goblet cell counts of the jejunum and ileum are shown in Table 6 . Intra-amniotic synbiotic administration had no effect on goblet cell numbers of the jejunum and ileum during different experimental periods. Dietary synbiotic supplementation significantly increased goblet cell numbers in both the jejunum (on d 7; P = 0.007) and ileum (on d 21; P = 0.004). No significant interaction effect on goblet cell number was observed between intra-amniotic and dietary synbiotic treatment during the experimental period.
PCNA-Positive Cells. Posthatch PCNA-positive cells in the crypt depths are shown in Table 6 . A significant interaction effect was observed in PCNA-positive cells in both the jejunum and ileum on d 7 (P = 0.017 and 0.031, respectively), d 21 (P < 0.001), and d 42 (P < 0.001).
Cecal Microflora. The microflora composition of the cecal samples is shown in Table 7 . Cecal coliform bacterial populations were not affected by intraamniotic or dietary synbiotic treatments on d 7. The number of Lactobacillus bacteria was consistently higher for both intra-amniotic and dietary synbiotic treatments on d 7 (P = 0.001), d 21 (P < 0.001), and d 42 (P < 0.001). Furthermore, there was a significant interaction between intra-amniotic and dietary synbiotic treatments, in terms of Lactobacillus number, on d 21. The coliform count was significantly decreased by dietary synbiotic supplementation on d 21. A positive significant interaction (P = 0.001) was observed in the coliform count between intra-amniotic and dietary synbiotic treatments on d 42.
Cecal Concentrations of SCFA and BCFA. Cecal concentrations of SCFA and BCFA (µmol/g of digesta) are shown in Table 8 . Dietary synbiotic supplementation significantly increased cecal butyrate concentration at the end of the experiment. No significant interaction was seen in acetate, propionate, butyrate, isobutyrate, valerate, isovalerate, BCFA, and total SCFA concentrations on d 42.
DISCUSSION
The intestinal lumen, mucosal surface, and cecum of broiler chickens are densely populated with microorganisms. The management of these gut microorganisms is of vital importance to the nutrition and health of modern antibiotic-free broiler production systems (Lan et al., 2013) . In addition, the early colonization of hatchling intestines with healthy microorganisms has a significant effect on future broiler performance and intestinal health (Higgins et al., 2008; Flint and Garner, 2009) . After the ban of growth-promoting antibiotics, the use of probiotics, prebiotics, or synbiotics in broiler diets has become common. In this context, the present study aimed to determine the effects of intra-amniotic Table 4 . Effects of intra-amniotic synbiotic administration and posthatch dietary synbiotic supplementation on body weight gain, feed intake, and feed conversion ratio of broiler chickens. Mortality rates were compared using a chi-square test (P = 0.88). synbiotic administration and subsequent posthatch dietary synbiotic supplementation on the intestinal integrity and cecal microflora of broiler chickens. In the present study, intra-amniotic synbiotic administration did not affect hatchability or hatching weight of the birds. These findings are consistent with those of previous studies that reported that the inclusion of 5 × 10 9 cfu/per egg E. faecium (de Oliveira et al., 2014) , 4% inulin (Tako and Glahn, 2012) , and 0.1% mannan oligosaccharide (MOS) (Cheled-Shoval et al., 2011) did not reduce hatchability and hatching weight of chickens, as compared to those hatched from noninjected eggs. However, to our knowledge, the combined intra-amniotic application of E. faecium and inulin has not been reported. Our results indicate that the intra-amniotic administration of inulin and E. faecium could help establish healthy microflora in the intestines without any negative effect on hatchability and hatchling performance. As indicated in previous studies (de Oliveira et al., 2014; Madej et al., 2015; Pruszynska-Oszmalek et al., 2015) , intra-amniotic inoculation of probiotics, prebiotics, or synbiotics can have beneficial effects on broiler hatchings under experimental conditions. However, more research is required to set the commercial standards and observe their widespread effects in practice.
Morphological changes in the small intestine, such as increased villus height and VH:CD ratio, can improve the performance of birds by enhancing the absorptive surface area, which is important when alternative growth stimulators are applied (Calik and Ergun, 2015) . The results of Experiment 1 showed that intra-amniotic synbiotic administration improved the morphological development of the intestine on day old hatches, as indicated by an increase in villus height and goblet cell and PCNA positive cell numbers. Similarly, Cheled-Shoval et al. (2011) observed a significant increase in villus height, crypt depth, and goblet cell numbers in hatchlings administered MOS as compared to the NaCl-injected group. However, the present study is the first report of the effect of intra-amniotic synbiotic administration on intestinal morphological parameters and PCNA positive cell numbers. The positive effects of inulin and E. faecium may overcome the physiological limitations of the digestive tract due to the delayed access to feed during the posthatch period.
In the present study, intra-amniotic synbiotic administration improved FCR on d 0 to 42 and d 22 to 42, a trend that may be attributed to morphological changes in the intestines due to beneficial bacterial colonization at a young age. Previous research has shown that the development of the digestive tract at an early stage may affect the future performance of chicks (Tako et al., 2004) . Contrary to our expectation, the current study showed that intra-amniotic synbiotic administration followed by posthatch dietary synbiotic supplementation of E. faecium and inulin had no significant interaction effect on the growth performance of broilers. However, several studies have produced contradictory results of the effects of dietary probiotics, prebiotics, or synbiotics on the zootechnical performance of broilers. Awad et al. (2008) observed improvement in broiler performance when E. faecium and a chicoryderived prebiotic that is rich in inulin was added to the basal diet. In contrast, Rodriguez et al. (2012) showed that the addition of E. faecium and inulin to a wheatand barley-based diet did not influence the BWG and FI of the broilers. Another study showed that a multibacterial species probiotic product resulted in beneficial modulation of cecal microflora, as evidenced by significant increases in the concentrations of beneficial bacteria (Mountzouris et al., 2007) . However, Mountzouris et al. (2007) concluded that the dietary addition of probiotics did not improve broiler BW on d 42. Similarly, the addition of inulin at 5 to 20 g/kg to a maize-soybean meal based diet improved the apparent ileal digestibility of protein and fat, but did not enhance broiler performance . We did not observe any significant interaction between intra-amniotic administration and dietary synbiotic supplementation in broiler performance under the experimental conditions, even if the applications positively influenced intestinal integrity and cecal microflora. The lack of consistency between the performance and improved intestinal health might be explained by a study by Timmerman et al. (2006) , who showed that the administration of probiotics via drinking water improved the FCR of birds (1.93 vs. 1.87) in field trials. However, unlike the field trials, FCR (1.66 vs. 1.67) was not influenced in the controlled trial. The authors suggested that the effect of probiotics becomes smaller when the productivity rates of broilers are higher. In addition, Patterson and Burkholder (2003) suggested that environmental stress influenced the efficacy of such feed additives, which tend to be more effective when animals are producing well below their genetic potential. Another possible explanation for the unaffected performance may be related to the supplementation levels of probiotic and prebiotic because the inclusion level of such products in diets can influence efficiency (Patterson and Burkholder, 2003) .
In modern broiler production, improvements in intestinal architecture and the mucus layer can have a beneficial influence on the performance and health of the broilers. The intestinal mucus layer that is synthesized and secreted by goblet cells protects the brush border area and acts as the first line of defense against attack by enteric pathogens by decreasing their adherence to the intestinal mucosa. The layer also provides protection against bacterial and environmental toxins and other dietary components that may damage the mucosa. In addition, the mucus aids in digestion and absorption (Solis De Los Santos et al., 2007; Baurhoo et al., 2009; Cheled-Shoval et al., 2014) . As hypothesized in this study, intra-amniotic synbiotic administration and posthatch dietary synbiotic supplementation had a pronounced effect on intestinal integrity and goblet cell count in the jejunum and ileum. Furthermore, previous studies found that intestinal integrity improved in birds fed diets containing several synbiotics (Awad et al., 2010; Sen et al., 2012) . These enhancements can be attributed to the synbiotic administration supporting beneficial bacterial growth, which influences cellular turnover (Awad et al., 2009; Mookiah et al., 2014) and mucin dynamics (Cheled-Shoval et al., 2014) .
The absorptive and protective functions of the intestine are dependent on a fully functional and healthy epithelial lining (Umar, 2010) . Intestinal epithelial cells have a short lifespan and need to be replaced rapidly and continuously via the replication of undifferentiated cells. Proliferating cell nuclear antigen, also known as cyclin or DNA-polymerase delta auxiliary protein, is an endogenous nuclear protein that is used to identify replicating cells in tissues (Foley et al., 1993; Uni et al., 1998; Gulbahar et al., 2005) . In most mammals, enterocyte proliferation is restricted to the crypt region; however, in chickens, enterocyte proliferation is localized predominantly in the crypt region, but also occurs to a lesser extent in the villi (Uni et al., 1998) . Similar to Uni et al. (1998) , our results showed that PCNA positive cells are not confined to the crypt depth, but are also found along the villi (Figure 2 ). Increased villus height is directly related to higher epithelial turnover (Fan et al., 1997) and activated cell mitosis (Samanya and Yamauchi, 2002) . The improvements in intestinal integrity in the present study are presumably related to the positive effects of pre-and posthatch synbiotic administration on intestinal epithelial cell turnover in the crypt region, which supports the growth of beneficial bacteria.
Intestinal microflora and their metabolic activity have significant effects on broiler health and performance (Calik and Ergun, 2015) . Bacterial colonization patterns are unstable in young animals, which makes them more susceptible to bacterial infections (Gaggia et al., 2010) , and is why early beneficial bacterial colonization is so important. Previous studies have shown that dietary E. faecium (Samli et al., 2007) and inulin alter the intestinal bacterial population as evidenced by a significant increase in lactic acid bacteria count. Moreover, Mookiah et al. (2014) revealed that cecal Lactobacillus and Bifidobacterium counts increased and E. coli numbers significantly decreased with dietary synbiotic supplementation. However, published data on the response of intestinal bacteria to intra-amniotic and posthatch dietary E. faecium and inulin supplementation are limited. Interestingly, our results indicated that intra-amniotic synbiotic injection followed by dietary supplementation with a synbiotic significantly increased Lactobacillus colonization and decreased coliform population in the broiler cecum. This beneficial effect may be attributed to early bacterial colonization facilitated by intra-amniotic synbiotic administration. In this manner, our findings showed that pre-and posthatch use of a synbiotic might contribute to the colonization of beneficial bacteria at an early life stage and help reduce pathogens. To the best of our knowledge, the results for cecal Lactobacillus and coliform bacteria in this study provide new insights regarding the intra-amniotic effects of E. faecium and inulin in broilers. Further research using molecular techniques could reveal more details regarding cecal microflora.
In poultry, the cecum harbors a wide variety of microbiota and provides the most stable environment for bacterial growth in the gastrointestinal tract (Mead, 1989; Meimandipour et al., 2010) . Bacterial fermentation in the cecum leads to the formation of SCFAs that are necessary for intestinal functionality and integrity (Meimandipour et al., 2010) . In addition, these fermentation by-products contribute to broiler energy metabolism and lower the pH of the intestinal environment, which may limit the growth of bacterial pathogens (van Der Wielen et al., 2000) . Meimandipour et al. (2010) suggested that lactate, produced by Lactobacillus species in the cecal digesta, promotes the growth of butyrate-producing bacteria, and consequently increases the cecal butyrate concentration. Among the SCFAs, butyric acid both stands out as the preferred energy source for enterocytes and takes part in cellular differentiation and proliferation within the intestinal mucosa (Rinttilä and Apajalahti, 2013) . Our results showed that cecal butyric acid concentration increased on d 42 in accordance with the increase in cecal Lactobacillus count in chicks. Therefore, the observed improvement in intestinal architecture might be related to the trophic effects of butyric acid on enterocytes.
In conclusion, the present study demonstrated that intra-amniotic E. faecium and inulin inoculation and their subsequent supplementation in the diet improved broiler intestinal morphology by selectively stimulating intestinal beneficial microflora and increasing cecal butyrate concentrations. In addition, intra-amniotic synbiotic administration influenced future broiler performance by improving overall FCR. This method establishes a healthy microflora in the intestines, without any negative effect on hatchability and hatchling performance. In addition, this study suggests that both pre-and posthatch use of a synbiotic is more effective than supplementing only in the posthatch period. However, this in ovo feeding application remains in the experimental stage, and its potential impact on commercial standards unknown. In ovo application standards in hatcheries must be determined before there is a practical use for this method in commercial facilities. Thus, these applications should be optimized with larger numbers to estimate their impacts more precisely.
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